INTRODUCTION
The homology between retroviral oncogenes and essential cellular proto-oncogenes has attracted considerable interest. There is little evidence that important elements of DNA viruses have corresponding cellular homologues. Prior studies had suggested no homology or a diffuse pattern of hybridization when Southern blots of human DNA were probed with adenovirus. (1.2) Recently Karlsson et al. reported discrete human DNA fragments having homology to adenovirus (3) . We have cloned one of these fragments and found that it is part of a new moderately repetitive sequence family. Its hybridization to adenovirus DNA proved to be based on 15-20 nucleotide highly G-C rich segments, present in high copy number at a single position on the Southern blot.
Moderately repetitive DNA sequences comprise approximately 30% of the human genome. ( 4 ) Most such sequences are organized into families the individual members of which are widely dispersed within single copy DNA (see ref. 5 and 6 for reviews) whereas certain repetitive sequences are clustered. The Alu and Kpn I families represent the prototypes of short Interspersed sequences (SINES) and long interspersed sequences (LINES), respectively. Individual Alu members are approximately 300 bps whereas Kpn I members vary up to as much as 6100 bps (7, 8) . Dispersed repetitive DNA sequences are not conserved during evolution but in a single species, indi-vldual family members show high homology suggesting some mechanisms for honogenlzatlon. RNA homologous to dispersed moderately repetitive DNA sequences Is present in most or all cells, but the function of these families is unknown. (9-15) j n contrast, clustered moderately repetitive sequences are highly conserved during evolution and encode essential cellular products, eg. ribosomal RNAa, (16) (17) (18) small nuclear RNAs, (19) (20) and histones. (21-23) The family we have discovered occurs In clustered arrays but is not conserved during evolution and therefore may be distinguished from previously described moderately repetitive DNA sequences. Approximately 400,000 colonies of a human cosmid library (25) were screened using a modification of techniques of Grosveld et al. (26) and Woods. (27) Twenty ml of the library diluted to a concentration equivalent to 2000 colonles/ml were filtered onto each nitrocellulose filter through a modified Buchner Funnel. Replica filters were made and processed as described except that after lysis with NaOH they were allowed to dry for 5 minutes before neutralization with Tris/NaCl. Hybridization conditions were the same as In Southern blot analysis. Sequencing An Isolated SstI repeat member Initially cloned into pUC 12 was sequenced, using a modification of the method described by Poncz et al. (2°) to construct a set of nested fragments. These were recloned into M13 and sequenced by the method of Sanger. (29) \ BRL sequencing kit was used substituting (35s}dATP for (35p)dftXP. The reaction was run on an Ionic gradient acrylamide gel as suggest by the manufacturer. In Situ Hybridization
MATERIALS AND METHODS
The procedure followed was essentially that of Harper and Saunders. (30) Statistical Analysis
Triplicate dot blots prepared with DNA samples from eleven subjects with diverse ethnic background were probed with Isolated Alu, Kpnl, or SstI repeat members. The spots were cut out and counted In a scintillation counter. The respective Dpms were converted to logarithms and the deviations from the expected value were calculated. An analysis of variance was performed; the source of variation estimated to be interaction using Tukey's procedure (31) Fragments containing sequences homologous to the 5' 9 kb adenovirus segment were Isolated from a human cosmid library. When purified DNA from a positive clone was restricted with either Sst I or Pvu II, a 2.5 kb fragment was released In vast molar excess (Figure 2a) suggesting the possibility of a tandem array. Consistent with this interpretation is the fact that Hind III and EcoR I released fragments of greater than 25 kb from which we Infer that the 2.5 kb fragments released by Sst I or Pvu II lack EcoR I or Hind III sites. Partial digestion with Sst I verified the tandem array ( Figure 2b ). BamH I sites are present within the tandemly repeated 2.5 kb fragment as indicated by the presence of smaller fragments in molar excess ( figure 2a -lane 3) .
The tandem array of the 2.5 kb Sst I fragment was shown to be present in genoraic DNA. One of the Sst I fragments from the cosmid clone was sub-cloned Into pUC12 and used as a probe In Southern blots of human DNA, partially restricted with Sst I (Figure 3 ). Predicted bands of 2.5, 5.0, 7.5, 10.0, 12.5, 15, and 17.5 kb could easily be recognized, providing proof for the tandem array of this sequence in normal cellular DNA.
The sequence of the 2.5 kb Sst I fragment that had been sub-cloned was determined and is present in Figure 4a . A computer assisted search (^2) against adenovirus DNA failed to reveal any long segments of homology. The truncated fragments that had been generated for sequencing were probed with the 5' 9 kb adenovlrus fragment in dot blots. The results indicated that the annealing segment was located between nucleotide 1000 and 1200 (data not shown). This region Is extremely G-C rich and contains several (14) (15) (16) (17) (18) (19) (20) nucleotide segments nearly Identical to similar non-adjacent segments in the 5'end of the adenovirus genome, ( fig. 4b ) The T n for several of the homologous segments was calculated as greater than 55° C and one has a T m of greater than 65° C. We Interpret the original "positive" signal on the Southern blot as reflecting (1) annealing of the short G-C segments and (2) the high copy number of the 2.5 kb fragment.
Appropriate computer analysis failed to reveal Internal or Inverted repeats within the 2.5 kb Sst I fragment. Furthermore, we found no homology to any known unique or repetitive DNA sequences including members of the Alu or Kpn I families and the genes for histones, or rlbosomal or small nuclear RNA's. Thus the Isolated 2.5 kb repeat is a member of a new moderately repetitive sequence fanily. We have designated these sequences the Sst I family. specific human chromosomes in the hybrid cell lines failed to yield convincing data. Localization was therefore approached through in situ hybridization (figure 5). A total of 125 grains were distributed throughout the chromosomes of the 56 cells examined. Of this total, a significant number of grains vere found to be localized along two different chromosomes; 29 grains fell over chromosome 4 (7) (8) 
Variable nuabers of short tandemly repeated sequences may form the basis for restriction fragment length polymorphisms. (18, 33, 34) . We wondered whether an analogous dose polymorphism might exist within the Sst I fragment among humans as its members are present in tandem array and therefore night be susceptible to expansion or contraction by homologous, but unequal recombination. This hypothesis was investigated by probing dot blots of DNA from several individuals of various ethnic groups with the Sst I family member, a Kpn I family member and an Alu family member. The latter two families are dispersed and therefore likely to be present in equivalent copy number in individual humans. We found that the signal intensities generated with the three probes, when compared to one another, were perfectly proportional. Thus there is no evidence for dose polymorphism for the Sst I family.
The copy number of the Sst I family was estimated by comparison of the signal intensities generated with the Sst I and Kpn I fragment probes. The Kpn I fragment probe was derived from the 5' end of the 6.1 kb repeat downstream from the beta globin gene; there are approximately 4000 copies of this portion of the repeat in the human genome. By comparison of the signal intensities, we concluded that the Sst I family has approximately 400 members.
DISCUSSION
The Sst I repeat family Is clearly distinct from other repetitive DNA by virtue of its clustered tandem array, location, and lack of sequence homology to known repetitive sequences (Table 1) . It resembles dispersed repetitive DNA in that it is not conserved in evolution. Of the homogeneity of the Sst I family we know only that It's length Is constant and that Sst I, Pvu II and BamH I sites are preserved. The Sst I family is similar to the set of clustered multigene families in its structure but differs in that it has no known function. 
Nucleic Acids Research
The absence of any known function for an amplified sequence makes it difficult to determine if the sequence has been preserved through natural selection at the organismal level or is merely an example of selfish DNA. (45) (46) (47) (48) (49) The theory of selfish or parasitic DNA has grown out of opposition to the tendency of ascribing phenotypic benefit, either immediate or evolutionary, to classes of repetitive DNA. It rests on the reasoning that if the only selection pressure DNA encounters is to survive within cells, that sequences will arise whose only function is self preservation, whether this class of amplified DNA is truly unnecessary to the organism, a by-product of essential operations of recombination and amplification, or a pool from which new genes can arise through mutation and recombination is a matter for speculation. Roberts and Axel ( 5 0) have shown that an essential gene transfected into eukaryotic cells is amplified as a cluster under selective conditions. They have furthermore demonstrated the existence of a nonreciprocal process of gene conversion which can maintain the homogeneity of this amplified family. Gene conversion in higher eukaryotes has been implicated in homogenization of small repeated families such as encode hemoglobins, immunoglobullns, and the proteins of the major histocompatibility loci. (51-54) i t \_ B no t known if it influences repetitive DNA in general although reciprocal recombination between partially homologous repeats has been used in computer modeling to predict an intrinsic tendency towards simple periodicity in DNA under nonselective conditions. (
5^)
The possibility that gene conversion also occurs in moderately repetitive DNA ( 56 ) makes evaluation of a repetitive family without known function all the more difficult.
There is both evidence for and against the Sst I repeat family encoding a protein. Analysis of the sequenced member shows several open reading frames of approximately 600 bp and one greater than 700 bp (Table  2) . Simple probability theory predicts a 1 in 20 chance of finding a stop codon at any one point in a random sequence of DNA. This should preclude such relatively long open reading frames in unselected DNA. whether in actuality random sequences of DNA exist with open reading frames of this size is not known. A search for control signals has failed to show typical RNA polymerase II or III control sequences. ON the other hand all pol II dependent transcripts do not require a TATA box and deviation from a consensus sequence is not uncommon. Preliminary Northern blots have in fact shown an RNA fragment of 6 kb size which anneals to the Sst I family member (unpublished observations).
Other intriguing information relevant to the Sst I repeat includes the presence of a constitutive fragile site at 4q31. 
